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Introduction
The prevalence of chronic obstructive pulmonary disease (COPD) in the general population is estimated at 7.6% [1] . Diagnosis of COPD increases the risk of cardiovascular diseases and resulting mortality [2] . 2.4-10% of patients undergoing percutaneous coronary intervention (PCI) have been diagnosed with COPD [3, 4] . More importantly, it has been observed that patients with COPD treated with PCI have more comorbidities and a greater extent of coronary artery disease. In addition, COPD is associated with an increased risk of repeated revascularization after PCI [5] . Data availability on the incidence of periprocedural complications in patients undergoing PCIs is limited. It has been demonstrated that the incidence of periprocedural complications in patients undergoing PCIs has decreased in previous years and is estimated at 1-3%. However, other studies have shown higher frequencies [6] . Several predictors of periprocedural complications, including advanced age, coronary plaque burden, chronic total occlusions (CTOs), coronary artery tortuosity, gender, PCI overall volume at one center and daily PCI volume have been demonstrated [7, 8] . There are limited and conflicting data regarding periprocedural complications of PCI in patients with COPD. Some publications demonstrated that the overall complication rate was significantly lower in those with COPD. Whereas, patients with COPD had significantly higher incidences of death, major entry site complications and longer length of hospital stay [5] .
The aim of this study was to assess the relationship between COPD, periprocedural complications and their predictors in patients treated with PCI.
Materials and methods

Study population, design and definitions
We analyzed prospectively collected national data from all patients who underwent PCIs in Poland between January 2015 and December 2016. Data on PCI practice in Poland were obtained from the ORPKI Polish National dataset which is coordinated nationwide by Jagiellonian University Medical College in cooperation with AISN PTK (Association of Cardiovascular Interventions-The Polish Cardiac Society). The method of collecting data in the ORPKI registry was presented in previously published works [9, 10] . Consecutive patients with COPD were included. COPD was defined on the basis of previously established diagnosis. This fact was taken into account on the basis of existing medical records, including discharge cards and the typical treatment used for COPD. All indices recorded in the ORPKI database are based on periprocedural data uploaded by the operator after each procedure. Therefore, they do not include all in-hospital complications, mainly those which occurred after the procedure until discharge from the hospital. Also, we did not collect follow-up data after discharge. The diagnosis of all other periprocedural complications including death, cardiac arrest, puncture site bleeding, no-reflow, cerebral stroke, coronary artery perforation (CAP), coronary artery dissection, allergic reactions ultimately depended on the operators' decisions. Periprocedural major adverse cardiac events (MACCE) were defined as the combination of all-cause deaths, myocardial infarction (MI) and cerebral stroke. The thrombolysis in myocardial infarction (TIMI) grade flow was used to estimate procedural angiographic effectiveness. PCI was considered effective when TIMI grade 3 was obtained after the procedure. The overall complication rate was presented as the number of patients with defined periprocedural complications, even if the particular patient presented more than one complication.
Statistical analysis
All continuous variables were evaluated with the Kolmogorov-Smirnov test for distribution. Continuous variables are presented as mean ± standard deviation and median ± interquartile range. Categorical variables are presented as numeric values and percentages. Continuous variables were compared using the two-tailed Student's t-test and the Mann-Whitney U-test, whereas categorical variables via the χ 2 test. ANOVA was used to compare data between following years. To identify predictors of all periprocedural complications and those more specific such as allergic reactions and no-reflow phenomenon in the overall group of patients undergoing PCI, univariate and multivariate analyses were performed. Both, univariate and multivariate regression models for MACCE were constructed. A model based on the retrograde correction method was created. In this analysis, the following variables were tested: age, gender, diabetes, previous cerebral stroke, MI, PCI, coronary artery by-pass grafting (CABG), smoking status, psoriasis, kidney disease, COPD, vascular access, fractional flow reserve, intravascular ultrasound, optical coherence tomography, thrombectomy, rotablation (RA), pharmacological treatment, baseline TIMI flow, contrast and radiation dose, gender, clinical presentation of coronary artery disease (CAD), type of coronary artery lesions including distribution, bifurcations and chronic total occlusion (CTO) procedures. A p value lower than 0.05 was considered to be significant. The statistical analyses were performed using Statistica 10.0 software (Dell Software, Inc, Round Rock, TX, USA).
Results
We analyzed 221,187 PCIs performed in Poland between January 2015 and December 2016. Among all PCI patients, 5,594 had COPD (2.5%). We found 145 overall periprocedural complications in 5,594 patients with COPD (2.6%) and 4,121 in 215,593 patients from the non-COPD group (1.9%) (p < 0.001) (Fig 1) . It was mostly determined by the greater percentage of cardiac arrests (1% vs. 0.6%; p = 0.001), MIs (0.2% vs. 0.1%; p = 0.002), and no-reflows (0.9% vs. 0.5%; p < 0.001) in the COPD group as compared to the non-COPD group (Fig 1) . Periprocedural allergic reactions were less frequent in the COPD group (0.02% vs. 0.2%; p = 0.007). Other periprocedural complications did not differ significantly between both groups (Fig 1) .
Periprocedural complications and clinical presentation of CAD
ST-segment elevation MI (STEMI) occurred in 994 patients (17.7%), while non-ST-segment elevation MI (NSTEMI) took place in 1,384 patients (24.7%). More complications occurred in STEMI subgroup compared to NSTEMI, which was driven by a higher rate of cardiac arrests (p = 0.007), deaths (p = 0.02) and no-reflows (p < 0.001) ( Table 1 ). The angiographic success was significantly lower in STEMI as compared to NSTEMI (p = 0.001). The usage rate of thrombectomy was higher in the STEMI group (p < 0.001) ( Table 1 ). There were no significant differences in vascular access between those two groups. Differences in the location of culprit lesion in STEMI and NSTEMI patients is presented in Table 1 . Stable angina (SA) occurred in 1,549 patients, while acute coronary syndrome (ACS) was noted in 3,980 individuals (72%). Among patients from the COPD group, complication rate was higher in patients with ACS compared to SA (1.2% vs. 3.1%; p < 0.001), with the most significant contribution of cardiac arrest (0.6% vs. 1.2%; p = 0.005), death (0% vs. 0.7%; p < 0.001) and no-reflow (0.5% vs. 1.1%; p = 0.04) ( Table 1) . This relationship was present despite the fact that PCI of CTOs (p = 0.01), bifurcations (p = 0.01) and RAs (p < 0.001) were more common in SA patients. The angiographic success expressed as TIMI grade 3 flow was higher in the SA group (p < 0.001). Femoral access (FA) was more common in STEMI patients (p = 0.02) ( Table 1) .
Periprocedural complications and distribution of coronary artery atherosclerosis
The COPD group consisted of 3,381 patients with single-vessel disease (SVD) (65.6%) and 1,771 individuals with multi-vessel disease (MVD) +/-left main coronary artery (LMCA) involvement and isolated LMCA disease (34.4%). The rate of MVD patients with LMCA involvement (p = 0.02), without LMCA involvement (p < 0.001) and isolated LMCA disease (p < 0.001) was significantly higher in the COPD group compared to the non-COPD group. Complication rate was almost two times higher in the MVD group compared to the SVD group (p < 0.001), which was mainly due to higher rate of MACCEs (p < 0.001), dissections (p = 0.01), cardiac arrests (p < 0.001), deaths (p < 0.001) and no-reflows (p = 0.04) ( Table 2 ). In the MVD group, there were twice as many PCIs of bifurcations (p < 0.001), many more occurrences of LMCA PCIs (p < 0.001), significantly more PCIs of LAD (p < 0.001) and Cx (p < 0.001), while there were less PCIs of RCA (p < 0.001). We did not confirm any relationship between particular complications and location of the culprit lesion in specific coronary arteries. In the MVD group, there were significantly more patients with NSTEMI (p < 0.001) and STEMI (p = 0.02) presentation of CAD, while less with SA (p < 0.001). Differences in vascular access are presented in Table 2 .
Gender and periprocedural complications
There were 4,045 males (72.3%) and 1,547 females (27.7%) in the COPD group (Table 3 ). All of the complications more frequently occurred in females compared to the males (2.3% vs. 3.3%, p = 0.04). This was mainly due to higher incidence of MI (0.1% vs. 0.4%, p = 0.01), which occurred despite the fact that more PCIs of bifurcations (p < 0.001) and CTOs (p < 0.001) were performed in males (Table 3 ). It seems, that the higher prevalence of complications in women can be mainly owed to the higher STEMI (p < 0.001) and lower SA (p < 0.001) incidences in individuals before PCI which resulted in the more frequent use of thrombectomy (p = 0.01) ( Table 3) . 
Vascular access and periprocedural complications
FA was used in 1,344 individuals (24%), while radial access was implemented in 4,250 patients (76%). A trend towards a higher risk of periprocedural complications in patients with FA was observed (3.2% vs. 2.4%; p = 0.1). Similarly, when considering each complication separately, there were no significant differences. However, we have noticed discrepancies in several other features. 
Pre-PCI TIMI flow and periprocedural complications
Limited blood flow (TIMI 0-1) was found in 1,632 patients (30.3%), while preserved blood flow was noted in 3,760 individuals (69.7%) before PCI. All complication rates were higher in the TIMI 0-1 group compared to the TIMI 2-3 group assessed before PCI (p < 0.001). This was mostly caused by higher percentages of MACCE (p < 0.001), cardiac arrests (p < 0.001), deaths (p < 0.001) and no-reflows (p < 0.001) ( Table 2 ). The number of patients with STEMI (p < 0.001) was greater in the group of patients with limited blood flow, whereas there were fewer patients with SA and UA (p < 0.001). The higher rate of complications in patients with the TIMI 0-1 grade flow seems to be mostly attributed to the higher rate of STEMI, despite the fact that there were more patients undergoing PCI of CTOs (p < 0.001) and LMCA (p < 0.001) in patients with preserved blood flow before PCI (Table 2 ).
Comparing 2015 with 2016
We observed an increase in the number of patients with COPD (2.4% vs. 
Predictors of all periprocedural complications, allergic reactions and noreflows
Among several independent predictors of all periprocedural complication rates estimated by multivariate analysis in the overall group of patients undergoing PCIs, COPD was not confirmed to be an independent predictor (Fig 2) . Using multivariate analysis, we displayed that hypertension and preserved blood flow before PCI are predictors of lower periprocedural complication rates, while increased age, male gender, diabetes, previous stroke, previous MI, psoriasis, chronic kidney disease and ACS were predictors of increased periprocedural complication rates (Fig 2) . We also noticed that smoking, COPD and diabetes were among the independent negative predictors of periprocedural allergic reactions assessed by multivariate analysis, while stroke and preserved blood flow assessed by TIMI score before PCI were among factors increasing the probability of periprocedural allergic reactions (Fig 3) . Moreover, COPD alongside with age, stroke, MI, smoking, hypertension, chronic kidney disease and ACSs were independent positive predictors of periprocedural no-reflows, while previous PCI and baseline TIMI 2-3 grade flow decreased the probability of no-reflow (Fig 4) .
Discussion
The main findings of the current study are that overall complication rates in patients with COPD are higher as compared to patients without COPD. Among all periprocedural complications, the rate of cardiac arrests, MIs and no-reflows was higher in patients from the COPD compared to the non-COPD group. Multivariate analysis did not confirm COPD as an independent predictor of periprocedural complications in the overall group of patients undergoing PCIs. Age, gender, diabetes, stroke, peracted MI, psoriasis, hypertension, kidney failure, ACS and TIMI flow before PCI were among the independent predictors of periprocedural complications confirmed by multivariate analysis. The third finding of the current study is that COPD and smoking along with diabetes were found to be a predictor of decreased periprocedural allergic reaction rate in patients undergoing PCI. The fourth significant finding of the presented study is that COPD and smoking were predictors of increased no-reflows in patients undergoing PCIs.
In the present study, the rate of periprocedural complications was comparable to the results published by other authors [5] . While our estimations indicate that the rate of periprocedural complications was significantly higher in the patients with rather than without COPD, the study published by Enriquez et al. reported a different proportion [5] . They estimated the rate of periprocedural complications in patients from the non-COPD group at 4.2%, which was significantly higher compared to the COPD group (2.6%; p = 0.004). In previously published studies, in-hospital mortality rate in the overall population ranges between 2.2%-2.83% and was significantly higher compared to those patients from the non-COPD groups [5, 11] . Those death rates were higher compared to our results. However, we included only periprocedural deaths. Our analysis did not cover all hospital stays, which significantly underestimates the death rate. Previously published studies revealed higher rates of deaths in patients with COPD in the overall group of patients undergoing PCI and in patients with acute MI [5, 12] . However, the study published by Sung et al. revealed a lower rate of in-hospital deaths in patients with COPD and STEMI undergoing primary PCI compared to non-COPD individuals. Furthermore they noticed an increased rate of recurrent MIs in the COPD group as compared to the non-COPD group (4.8% vs. 1.3%; p = 0.01) [13] . Although, their population of patients included more patients with MVD (59.7% vs. 34.4%) and baseline blood flow expressed as TIMI grade was 0-1 before PCI (80.6% vs. 30.3%) [13] .
In the current study, we revealed a higher rate of periprocedural CAs, MIs and no-reflows in patients from the COPD group. The study published by Zhang et al. demonstrated an increased rate of in-hospital MIs in patients with rather than without COPD (16.3% vs. 4.6%) [14] . The study was conducted among a group of 2,362 patients undergoing PCI. Among them, 233 (9.8%) of patients were diagnosed with COPD. Since the cardiac mortality rate was zero in both groups, no differences were found between them. The important fact is that the authors did not mention any information about the distribution of CAD clinical presentation before PCI or the type of coronary atherosclerosis. Nevertheless, they also showed that the incidence of heart failure was greater in the COPD group as compared to the non-COPD group (22% vs. 9.2%) [14] . The increased rate of periprocedural MIs in patients with COPD as compared to the non-COPD group could be explained by more complex and disseminated coronary atherosclerosis as well as the difference in clinical presentation resulting from it. Whereas the increased rate of no-reflows and CAs could undoubtedly be related to the prothrombotic state attributed to COPD patients and the impeded return of blood flow through the vessel in STEMI patients related to it [15, 16] . Our study confirmed that STEMI patients had a high rate of no-reflows (2.8%), CAs (2.6%), and the overall periprocedural complication rate was also high (6.2%) compared to other clinical presentations of CAD. Moreover, the relationship between no-reflows and the COPD as a prothrombotic state have been more widely discussed in two previously published manuscripts [17, 18] . Furthermore, according to our knowledge, this is the first study verifying that among several confirmed predictors, smoking and COPD are independent risk factors of a higher incidence of no-reflows in patients undergoing PCI.
In contrast to our results, research conducted by other authors revealed that patients with COPD were more likely to experience major entry site complications than patients without COPD [16, 19] . The leading entry site periprocedural complication was higher rate of bleeding that required transfusion in COPD patients. The study published by Enriquez et al. revealed that the rate of periprocedural access site bleeding requiring transfusion in patients with COPD was estimated at 2.3%, while in patients without COPD, it was at 1.4% (p = 0.03) [5] . We noted that puncture site bleeding rate was higher in patients with COPD compared to non-COPD patients but without statistical significance (0.2% vs. 0.15; p = 0.06). It was attributed mainly to age, gender and therapy implementing warfarin [16, 19] . However, most studies maintain the thesis that the etiology of increased risk of periprocedural entry side bleeding is multifactorial [5] .
Another worthy finding of the current study is that the rate of allergic reactions was higher in the COPD group as compared to the non-COPD group. Similarly, Mukherjee et al. observed a lower incidence of COPD in patients with respiratory allergy [20] . They noticed that among 550 participants, 18.9% of patients from the non-allergic population suffered from COPD, while 7.7% of allergic subjects had COPD [20] . Based on this, it could be concluded that patients with COPD and smokers present restrained allergic reactions. According to our knowledge, the present study is the first study which demonstrates that COPD and smoking are independent predictors of decreased periprocedural allergic reaction rate in the overall group of patients undergoing PCIs.
Limitations
The ORPKI database does not specifically define particular periprocedural complications and is based on the operators' discretion. Similar concerns could be applied to periprocedural complications and their definitions usually remain in the hands of operators. Additionally, assignment to the COPD and non-COPD groups was based on previous diagnosis and/or typical treatment while no data on spirometry test results were collected. This could bring some false positive or false negative diagnosis of COPD and bias related to this issue. However this is a typical problem for the national registry. From the other side it presents the real life and the real frequency of COPD diagnosis confirmed in spirometry is close to the presented in the study. Patients with exacerbated COPD at admission could be treated in some cases with systemic glucocorticoids, which might modify the extent and frequency of procedural-related allergic reactions.
Conclusions
In the patients undergoing PCI, the periprocedural complication rate is higher in those from the COPD group than the non-COPD group. Cardiac arrests, myocardial infarctions and noreflows may be found among the periprocedural complications with the largest contribution. COPD was not an independent predictor of periprocedural complications in the overall group of patients undergoing PCI, while COPD and smoking were found to be independent predictors of decreased allergic reaction periprocedural rate and increased rate of periprocedural noreflows.
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